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INTRODUCTION 

The Navy has been interested in the utilization of alternate 
fossil fuels for sometime (1). Our interest is focused primarily in 
establishing the effects of chemical composition on fuel properties, 
since such relations will lead to production efficiency and better 
utilization of fuels. We recently reported some of our results 
on jet fuels derived from coal, tar sands and oil shale (la). Earlier 
papers in this series report on other aspects of oil shale derived 
fuels obtained from a large production experiment performed by Paraho, 
Inc. ( 2 ) .  In this paper, we report on some aspects of stability of 
a jet fuel prepared from Paraho shale oil. 

Previous work with shale oil derived middle distillates has 
noted the very high freezing point of these fuels ( 3 ,  4, la). In 
addition, shale oil fuels which were high in nitrogen gave as much 
as 45% conversion of fuel bound nitrogen to NO emmissions when 
burned under typical jet engine conditions (lay. The high nitrogen 
content shale oil jet fuels were also found to form particulates 
and gums upon standing at ambient temperatures in the absence of 
light ( 3 ) .  

Stablity of fuels concerns the tendency of fuels to form 
particulates and/or coatings or deposits on engine surfaces under 
two different sets of conditions. One set of conditions are those 
of storage: temperatures of s4OoC, quiescent exposure to air, no 
light. The other set of conditions are those which the fuel is 
likely to encounter in a jet engine fuel system: temperatures in 
the range 150-250°C, agitation in the presence of air, no light. 
Shale oil derived fuels used in this work were significantly poorer 
than petrolgum derived fuels under both stability regimes and a 
thorough-study of the stability of these fuels was undertaken. 

EXPERIMENTAL 

The shale oil derived jet fuel (designated Shale-I) used in this 
work was produced from a crude shale oil (supplied by Paraho, Inc.) by 
hydrotreatment at the Gary-Western refinery. The entire production 
operation has been fully described elsewhere (IC). The physical prop- 
erties Of the jet fuel have been reported (la). 

Alcor, Inc. Jet Fuel Thermal Oxidation Tester (JFTOT) ( 5 ) .  Low tem- 
perature (storage) stability was determined by measurement of gums, 
Contamination and peroxide concentration (all by ASTM standard methods) 
before and after exposure to temperatures of 6OoC for four weeks. The 

High temperature stability of the fuels was measured using an 
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fuels were stored in 1R low actinic, dark pyrex glass bottles and were 
loosely covered to prevent exposure to airborne particulates. Air 
could still diffuse into the vessel. The vessels with fuel and various 
additives were thermostated at 60°C for the specified length of time. 

Isolation of shale oil jet fuel basic nitrogen compounds was 
accomplished by acid extraction followed by neutralization of the HC1 
adducts (3). The basic nitrogen compounds thus obtained were analyzed 
by gas chromatography using a Perkin-Elmer model 3920B gas chromato- 
graph equipped with a lOOm OV-101 glass WCOT column and nitrogen- 
specific detector. This column separated the nitrogen compounds into 
at least 70 incompletely resolved components. Tentative identification 
Of some of the components was made by combined gas chromatography-mass 
spectrometry (gc-ms) using a Hewlett-Packard model 5982 gc-mass spec- 
trometer with a Hewlett-Packard model 5933A dedicated data system. 
The mass spectrometer was equipped with a 33m SE-30 SCOT column and was 
operated in the E1 mode at 70 eV. In addition, the extracted basic 
nitrogen compounds were subjected to field ionization mass spectroscopy 
(FIMS). Ions produced by field ionization tend not to fragment and an 
accurate MW profile of a mixture can be constructed (6). 

RESULTS AND DISCUSSION 

Oil shale, as well as crude shale oil, typically smell of nitro- 
genous compounds. Early work with refined shale oil clearly showed (3) 
that the shale oil jet fuels used (%lo00 ppm nitrogen) were unstable 
and rapidly plugged filters upon standing for several days. Removal 
of nitrogenous material by acid extraction or by passing the fuel over 
clay or silica gel resulted in improved storage properties. The chemi- 
cal constitution of the nitrogen containing materials was sought in an 
effort to discover specific classes of compounds which could cause 
stability problems. It is well-known that pyrroles and indoles are 
quite reactive toward air and light (7) and if present in large quanti- 
ties in these fuels might account for the observed instability. 

The Shale-I jet fuel contained 976 ppm nitrogen, of which 860 ppm 
nitrogen was acid extractable. The neutralized extract was subjected 
to gas chromatrography using an all glass system with high efficiency 
capillary column. A chromatogram of the acid extract obtained using 
a nitrogen specific detector is shown in Figure 1. As shown, reten- 
tion time matching implies that the majority of compounds are pyridine- 
type bases. The mixture was also subjected to gc-mass spectroscopy. 
The total ion chromatogram is shown in Figure 2. The lower resolution 
SCOT column used on the mass spectrometer did not permit unequivocal 
assignment of each peak. Tentative assignments of the numbered peaks 
are noted in Table I. In many cases, the electron impact mass spectrum 
clearly showed the presence of more than one compound. However, the 
main compound type observed was alkyl substituted pyridine with lesser 
quantities of quinolines. We used another mass spectral technique to 
help confirm our gc-ms assignments. The FIMS results are tabulated in 
Table 11. Since molecules tend not to fragment when field ionized, the 
FIM spectrum can be scanned for parent masses and compound classes and 
higher alkyl substituted homologs readily recognized. The FIMS data 
confirms the presence of major amounts of pyridine compounds with 
lesser quantities of quinoline and tetrahydroquinoline types. Signifi- 
cantly, indoles and pyrroles are present only in very small amounts. 
While ionization efficiencies for various classes of compounds under 
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FI c o n d i t i o n s  are n o t  known w i t h  c e r t a i n t y  we  do  n o t  e x p e c t  them t o  be  
v e r y  d i f f e r e n t  f o r  the a r o m a t i c  n i t r o g e n  t y p e s  observed  h e r e .  We have 
observed  t h a t  FIMS d a t a  on b a s i c  n i t r o g e n  compounds r e s u l t s  i n  a h ighe r  
t h a n  expec ted  i n t e n s i t y  f o r  p a r e n t  +1 peaks .  T h i s  w a s  obse rved  f o r  ou r  
b a s i c  n i t r o g e n  e x t r a c t s  b u t  n o t  f o r  =-alkane or  n e u t r a l  f u e l  samples.  
W e  a t t r i b u t e  t h i s  phenomenon t o  t h e  p r e s e n c e  o f  water i n  t h e  b a s i c  
n i t r o g e n  e x t r a c t s ;  the  w a t e r  r a p i d l y  p r o t o n a t e s  t h e  r a d i c a l  c a t i o n  gen- 
e r a t e d  by F I .  

E x t r a c t i o n  of  the  Sha le - I  j e t  f u e l  w i t h  HC1 i s  approx ima te ly  90% 
e f f i c i e n t  f o r  removal o f  n i t r o g e n  c o n t a i n i n g  m a t e r i a l .  Remaining i n  
t h e  f u e l  are 1 1 6  ppm o f  non-bas ic  n i t r o g e n  compounds. Presumably,  
t h e s e  compounds w i l l  be compr ised  p r i m a r i l y  o f  p y r r o l e ,  i n d o l e  and 
c a r b a z o l e  types .  Only traces of  s u b s t i t u t e d  p y r r o l e s  and i n d o l e s  were 
observed  by FIMS i n  the  b a s i c  n i t r o g e n  f r a c t i o n  (Tab le  11). S h a l e  o i l  
n i t r o g e n  compounds have  been c h a r a c t e r i z e d  p r e v i o u s l y  ( 8 )  and s i n c e  
c a r b a z o l e s  and p y r r o l e s  cou ld  n o t  be  t i t r a t e d  it i s  n o t  s u r p r i s i n g  t h a t  
t h e y  are a l s o  n o t  e f f i c i e n t l y  e x t r a c t e d  by 1 N  HC1. 

High Temperature (Thermal) S t a b i l i t y  - The h i g h  t empera tu re  s t a -  
b i l i t y  of  t h e  S h a l e - I  j e t  f u e l s  w a s  measured u s i n g  t h e  JFTOT t e c h n i q u e  
( 5 ) .  The the rma l  o x i d a t i v e  s t a b i l i t y  o f  t h e  r e c e i v e d  f u e l  (976 ppm N) 

w a s  measured. The f u e l  w a s  t h e n  a c i d  e x t r a c t e d ,  t h e  i s o l a t e d  b a s i c  
n i t r o g e n  compounds added  back i n t o  t h e  e x t r a c t e d  s h a l e  f u e l  in  va ry ing  
q u a n t i t y ,  and t h e  t h e r m a l  o x i d a t i v e  s t a b i l i t y  rede termined .  A pe t ro -  
leum d e r i v e d  JP-5 w a s  a l s o  s u b j e c t e d  t o  JFTOT t e s t i n g .  The pe t ro l eum 
f u e l  had a b r e a k p o i n t  t empera tu re  o f  275OC and a t  260°C d i d  n o t  produce 
s i g n i f i c a n t  TDR r e a d i n g s  or deve lop  a s i g n i f i c a n t  p r e s s u r e  d r o p  a c r o s s  
t h e  i n - l i n e  JFTOT f i l t e r .  A number of n i t r o g e n  compounds, t y p i c a l  of 
t h o s e  found i n  t h i s  s t u d y ,  were t h e n  added t o  t h e  pe t ro l eum d e r i v e d  JP-5 
and t h e  h i g h  t e m p e r a t u r e  s t a b i l i t y  r ede te rmined .  The r e s u l t s  w i t h  s h a l e  
and pe t ro leum f u e l s  are  d i s p l a y e d  i n  Table  111. 

In  p r e v i o u s l y  r e p o r t e d  s t a b i l i t y  work w i t h  s h a l e  o i l  d e r i v e d  j e t  
f u e l s  ( 9 )  it w a s  shown t h a t  t h e  JFTOT t h e r m a l  s t a b i l i t y  of s h a l e  o i l  
d e r i v e d  f u e l s  i n c r e a s e d  w i t h  d e c r e a s i n g  t o t a l  n i t r o g e n  c o n t e n t  o f  t h e  
f u e l s .  I n  Tab le  111, it i s  observed  t h a t  t h e  the rma l  s t a b i l i t y  o f  t h e  
Shale- I  f u e l  i n c r e a s e s  as t h e  c o n c e n t r a t i o n  o f  b a s i c  n i t r o g e n  compounds 
d e c r e a s e s .  I n  p r e v i o u s  work ( 9 )  t h e  l o w e r  n i t r o g e n c o n t e n t s  o f  t h e  
s h a l e  o i l  j e t  f u e l s  w e r e  ach ieved  by more s e v e r e  hydro t r ea tmen t .  I t  
c a n  a l s o  be  obse rved  t h a t  t h e r e  a p p a r e n t l y  are two major  modes o f  h igh  
t empera tu re  the rma l  i n s t a b i l i t y  and t h e  e f f e c t  of b a s i c  n i t r o g e n  i s  
d i f f e r e n t  i n  each .  I f  t he rma l  s t a b i l i t y  by JFTOT i s  measured o n l y  by 
t u b e  d e p o s i t s ,  t h e n  f o r  t h e  Sha le - I  f u e l  a s l i g h t  rise i n  b r e a k p o i n t  
t empera tu re  i s  obse rved  a s  t h e  b a s i c  n i t r o g e n  c o n t e n t  is reduced  (break-  
p o i n t  by TDR from 244OC t o  254O a s  b a s i c  N changes  from 8 3 8  t o  7 ppm). 
However, i f  t h e  f i l t e r  p r e s s u r e  d r o p  is used f o r  de t e rmin ing  b r e a k p o i n t  
t h e n  a much l a r g e r  change ,  227 t o  279'C i n  b r e a k p o i n t  t e m p e r a t u r e ,  is 
observed  as  b a s i c  n i t r o g e n  c o n t e n t  i s  reduced .  

In  o r d e r  t o  c o n f i r m  some o f  t h e  e f f e c t s  o f  n i t r o g e n  compounds on 
h i g h  t empera tu re  s t a b i l i t y ,  p u r e  compounds which are similar t o  t h o s e  
found i n  t h e  S h a l e - I  b a s i c  n i t r o g e n  f r a c t i o n s  (Tab les  I and 11) were 
added t o  a pe t ro l eum based  j e t  f u e l  of h i g h  s t a b i l i t y  (Tab le  111). 
M o s t  of t h e  b a s i c  n i t r o g e n  compounds used  r e s u l t e d  i n  n e g l i g i b l e  
d e p o s i t  (TDR) f o r m a t i o n  w i t h  t h e  e x c e p t i o n  of 2-amino-3-methylpyridine. 
4 - t - B u t Y l p ~ r i d i n e  showed ev idence  of  f i l t e r  p lugg ing  b u t  l i t t l e  TDR 
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deposits were formed. Pyrrole, however, was found to produce a very 
high deposit rating (TDR) and also plugged the in-line filter. Much 
more work with pure compounds in simple carrier vehicles is necessary 
before definitive mechanistic inferences can be drawn regarding the 

. effects of the various classes of nitrogen compounds. 

Storage Stability - The low temperature or  storage stability of 
the Shale-1 fuel was followed by determining changes in peroxide con- 
centration, gum and contamination levels and changes in high tempera- 
ture stability (JFTOT behavior). The latter method was employed since 
deposit precursors, which might form at low temperatures, could seri- 
ously degrade engine operation if present in sufficient concentration. 
The test fuel was placed in la glass bottles which were loosely covered 
to permit air diffusion to the fuel. Ten ml of distilled water and 1 g 
Of iron fillings were placed in each sample. These conditions simu- 
lated actual storage tank conditions since water is always present in 
fuel storage tanks and the fuel is in contact with usually uncoated 
metal surfaces of storage tanks. The samples were maintained at 6OoC 
for four weeks. The results of the storage stability experiments are 
presented in Table IV. 

Storage stability measurements have been performed on some shale 
derived fuel (10). In that study, a Paraho jet fuel (very similar to 
our  Shale-I) was found to form some gums (increase in gums of about 
2 mg/100 ml fuel after 32 weeks storage at 43OC) but there was only a 
small increase in acid number and no increase in viscosity. In our 
storage tests, we tried to determine the effects of basic nitrogen com- 
pounds on the storage stability of the Shale-I fuel. The combination 
of acid extraction followed by silica gel chromatography of the Shale-I 
fuel was found to be effective for removing all nitrogen containing com- 
pounds. The nitrogen free Shale-I showed some tendency to accumulate 
peroxides under our  test conditions, but no appreciable gums were 
formed. In addition, the high temperature (JFTOT) stability of the 
aged nitrogen-free fuel was similaxly acceptable (Table IV). Increasing 
quantities of basic nitrogen compohnds, which were acid extracted from 
the fuel, were then reintroduced into the fuel and the storage stability 
redetermined. It will be noted that as the concentration of basic 
nitrogen compounds increases from 8.4 to 125 ppm N, both the gum con- 
tent and peroxide concentration after storage rise to a maximum 
( 2 5  ppm N) then fall back to lower levels (Table IV, expt. #2, 3, 4). 
However, the JFTOT deposit rating after storage was monotonically 
degraded by increasing nitrogen levels. The results imply a relation- 
ship between gum formation and peroxide concentration. It is possible 
that the relation between the gum and peroxide is of the form: 

O2 
RH -b [peroxide] > gum 

kl k2 
Fuel hydroperoxides are known to be stable to temperatures of approxi- 
mately 250°C (11). However, hydroperoxides can react at mild conditions 
to attack some rubbers. We propose that some fuel components, particu- 
larly those containing sulfur, nitrogen, oxygen, and olefinic functional 
groups, also react under storage conditions with peroxides. Condensa- 
tion or dimerization of the free radical intermediates formed in these 
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r e a c t i o n s  can  b u i l d  t h e  h i g h l y  p o l a r ,  medium molecu la r  we igh t  (400-500) 
gums observed  i n  some s t u d i e s  ( 1 2 ) .  A n t i o x i d a n t s  of e i t h e r  t h e  pheny- 
l e n e  diamine or h i n d e r e d  phenol  t y p e  w e r e  e f f e c t i v e  f o r  i n h i b i t i n g  both  
pe rox ide  and gum f o r m a t i o n  i n  t h e  c u r r e n t  s t u d i e s  (Table I V ,  e x p t s .  # 5 ,  
6, 8 ) .  

A p y r i d i n e  compound w a s  found t o  s t o r a g e  degrade  t h e  Sha le - I  f u e l  
f a s t e r  t h a n  a p y r r o l e  compound (Tab le  I V ,  e x p t .  # 9 , 1 1 ) .  A f t e r  s t o r a g e  
t h e  Sha le - I  f u e l  doped w i t h  50 ppm 5-ethyl-2-methylpyridine had an 
o r d e r  o f  magnitude more gums and 20 t i m e s  t h e  pe rox ide  l e v e l  compared 
t o  t h e  same f u e l  c o n t a i n i n g  50 ppm 2 ,5 -d ime thy lpyr ro l e  a f t e r  s t o r a g e .  
A n t i o x i d a n t s  w e r e  e f f e c t i v e  a t  i n h i b i t i n g  b o t h  gums and p e r o x i d e s  i n  
t h e  n i t r o g e n  doped f u e l s  a f t e r  s t o r a g e  (Tab le  I V ,  e x p t .  # l o ,  1 2 ) .  5- 
Ethy l -2 -me thy lpyr id ine  caused  a l a r g e  d e c r e a s e  i n  JFTOT r e s u l t s  a f t e r  
s t o r a g e  (TDR r e a d i n g  from f o u r  p r i o r  t o  s t o r a g e  t o  35 a f t e r  s t o r a g e ) .  
I n  c o n t r a s t ,  2 , s - d i m e t h y l p y r r o l e  caused  e q u a l l y  poor  JFTOT performance 
b e f o r e  and a f t e r  s t o r a g e .  

SUMMARY 

High t e m p e r a t u r e  t h e r m a l  s t a b i l i t y  and s t o r a g e  s t a b i l i t y  e x p e r i -  
ments  w e r e  conducted  u s i n g  Sha le - I  j e t  f u e l .  As b a s i c  n i t r o g e n  com- 
pounds are removed by a c i d  e x t r a c t i o n  from t h e  Shale- I  f u e l ,  JFTOT 
s t a b i l i t y  improves ( e s p e c i a l l y  f i l t e r  p r e s s u r e  d rop  pe r fo rmance ) .  A f t e r  
f o u r  weeks of  a c c e l e r a t e d  s t o r a g e ,  t h e  S h a l e - I  f u e l  c o n t a i n i n g  b a s i c  
n i t r o g e n  compounds formed more gums and p e r o x i d e s ,  and e x h i b i t e d  de- 
graded  JFTOT per formance .  The b a s i c  n i t r o g e n  compounds e x t r a c t e d  from 
t h e  Shale- I  f u e l  w e r e  c h a r a c t e r i z e d  by way of v a r i o u s  mass s p e c t r a l  
methods. Compounds s i m i l a r  t o  t h o s e  found i n  t h e  b a s i c  n i t r o g e n  f r a c -  
t i o n  were used a s  a d d i t i v e s  f o r  JFTOT and s t o r a g e  t e s t s  on a pe t ro leum 
f u e l  and n i t r o g e n - f r e e  S h a l e - I  f u e l s .  Both p y r i d i n e s  and p y r r o l e s  
ev idence  p a r t i c i p a t i o n  i n  u n s t a b l e  behav io r .  Much more work must be 
performed i n  o r d e r  t o  e s t a b l i s h  c lear  t r e n d s  and t o  deduce a d e t a i l e d  
mechanism of  f u e l  d e g r a d a t i o n .  

REFERENCES 

1. 

2 .  

3. 

4.  

5 .  

(a )  J. S o l a s h ,  R. N.  H a z l e t t ,  J. M. H a l l  and C.  J.  Nowack, F u e l ,  
57, 521 (1978) ;  ( b )  F. S.  E i sen ,  Sun O i l  Company F i n a l  Report  on 
K S .  Navy C o n t r a c t  No. N-00140-74-C00568, Feb. 6 ,  1975; ( c )  H. 
Ba r t i ck ,  K.  Kunchal,  D.  S w i t z e r ,  R. Bowen and R. Edwards, Appl ied  
Systems Corp. F i n a l  Repor t  on O f f i c e  o f  Naval Research C o n t r a c t  No. 
N-00014-75-C-0055, Aug. 1975; ( d )  A. F. Klarman and A .  J.  Ro l lo ,  
Naval A i r  P r o p u l s i o n  Cen te r  Repor t  N o .  NAPC-PE-1, NOV. 1977. 

S e e ,  W. A. A f f e n s ,  e t  a l ,  ACS F u e l  D i v . ,  P r e p r i n t s ,  t h i s  symposium; 
and J. S o l a s h ,  e t  a l ,  ACS F u e l  Div. ,  P r e p r i n t s ,  t h i s  symposium. 

J. So la sh ,  C. J.  Nowack and R. J. D e l  Fosse ,  Naval A i r  P ropu l s ion  
Center  Repor t  NO. NAPTC-PE-82, May 1976. 

J. S o l a s h  and  R. N .  H a z l e t t ,  P r e s e n t a t i o n  a t  2 1 s t  Rocky Mountain 
Conference,  J u l y  1979. 

ASTM Method D-3241. 

44 



6. S.  E. B u t t r i l l ,  Jr . ,  A n a l y s i s  o f  Jet  F u e l s  by Mass Spec t romet ry ,  
i n  Naval Research  Labora tory  Workshop on Basic Research  Needs 
f o r o c a r b o n  Jet  A i r c r a f t  F u e l s .  Naval A i r  Svstems 
Command, June 15-1 6, 1978, and r e f e r e n c e s  t h e r e i n .  

7. (a)  J. W. F rankenfe ld  and W. F. T a y l o r ,  F i n a l  Repor t  under  Naval 
A i r  Systems Command C o n t r a c t  N o .  N-0019-76-0675, Feb. 1979, and 
r e f e r e n c e s  t h e r e i n ;  ( b )  B. Witkop, J. h e r .  C h e m .  SOC., 72, 1428 
(1950) ;  (c )  B. Witkop and J. B. P a t r i c k ,  J. mer. Chem. SOC. ,  73, 
713 (1951) ;  ( d )  I. S a i t o ,  T. Matsuura,  M. Nakaqawa and  T.  Hino,  
A c c t s .  Chem. R e s . ,  E, 346 (1977) ;  (e )  R. J. S. B e e r ,  L. McGrath, 
and  A. Rober t son ,  J. Chem. SOC., 3283 ( 1 9 5 0 ) .  

8. C. M. F r o s t  and  R. E.  Poulson, Amer. Chem. SOC., Div. Pe t ro leum 
P r e p r i n t s ,  g, 176 (1975) .  

Technical Memorandum No. TM-X-3551, June  1977. 
9. T. W. Reynolds, Na t iona l  A e r o n a t i c s  and Space A d m i n i s t r a t i o n ,  

10.  D. W. Brinkman, M. L. Whisman and J. N.  Bowden, B a r t l e s v i l l e  
Energy Technology Center ,  Repor t  of I n v e s t i g a t i o n  No. 78/23, 
March 1979. 

11. ( a )  R. N.  H a z l e t t ,  J. M. H a l l  and M. Matson, I n d .  Eng. Chem., 
Prod. Res. Dev., 16 ,  1 7 1  (1977) ;  (b) D. M. B r o w n  and A .  F i s h ,  
Proc .  Roy. SOC., rx, 547 (1969) ;  (c )  N .  M. Emanuel, E. T. 
Denisov and Z .  K. Maizus, The L iqu id  Phase Ox ida t ion  o f  Hydro- 
c a r b o n s ,  Plenum P r e s s ,  N e w  York, 1967. 

12. C. C .  Ward, F. G. Schwartz and  M. L. Whisman, T e c h n i c a l  Repor t  
#11 under  Ordnance P r o j e c t  TB5-01-010, Ba r t l e sv i l l e  Energy 
Technology C e n t e r ,  J u l y  1961. 

I 

45 



W 

P 
+s: v 

a 
P 



I 

i 

I, 

+I s 
?. 

-! 

In m 

dp m 

+E Y 

rl W rl 

dp W 

-! 

+ g 
6 

-! 

-! 
+I 
6 

N W 

- 
dP 0 

rl 

W r. 
rl 

mm mD '?rl 
rl N N  

I 
I 
um U" 

47 



S e r i e s  

'nH2n+lN 

CnH2n-3N 

CnH2n-5N 

CnH2n-7N 

'nH2n-gN 

'nH2n-11 N 

TABLE 11. F i e l d  I o n i z a t i o n  M a s s  Spectrum 
Base F r a c t i o n  from Sha le - I  JP-5 

Range of  R e  l a  t i v e  
"n" Values* Compounds Ion Count 

7 - 12- 1 4  P i p e r i d i n e s  1 0  

7 -  9 - 1 5  P y r r o l e s  28 

7 -  2 - 1 6  P y r i d i n e s  1000  

9 - 11- 16 Tetrahydro-  170  
q u i n o l i n e s  

8 - 12- 15 I n d o l e s  1 3  

9 - 2- 1 4  Q u i n o l i n e s  157  

* Under l ined  v a l u e  of "n"  i n d i c a t e s  components i n  l a r g e s t  amount. 

A TABLE 111. High Temperature S t a b i l i t y  of Jet F u e l s  

Organ ic  Ni t rogen ,  ppm Breakpo in t  Temperature,  OC 
F u e l  Type Acid E x t r a c t a b l e  T o t a l  Heater Tube (TOR) F i l t e r  

- S h a l e  O i l -  860 976 2 32 

838' 954c 2 4 4  2 2 7  
Jet  F u e l  

9 7c 213' 2 4 3  232 

5 0' 166' 251 2 4 1  

7c 123' 254 279 

D Pe t ro leum 
26OOC 

A d d i t i v e  Conc., ppm Max TDR LIP, nun 

4-&-buty lpyr id ine ,  56 1 20 
2-&-buty lpyr id ine ,  49 1 0  1 

5-ethyl-2-methylpyridine, 107 11 3 
4 -benzy lpyr id ine ,  56  7 2 

2-amino-3-methylpyridine, 134 45 1 4  

6 5 E  N,N-dimethylan i l ine ,  82 
p y r r o l e ,  1 0 0  32 Bypass 

A' MeasurEd u s i n g  A l c o r ,  I nc .  JFTOT a c c o r d i n g  t o  ASTM Standa rd  Method 
D-3241. ' Breakpo in t  i s  d e f i n e d  as the t empera tu re  of t e s t  a t  
which a maximum TDR of >17 i s  obse rved  o r  a p r e s s  re  d rop  of >25 mm 
Hg i s  a t t a i n e d  a c r o s s  t h e  i n - l i n e  JFTOT f i l t e r .  
e x t r a c t e d  w i t h  HC1,  washed, and t h e  i B o l a t e d  b a s i c  n i t r o g e n  compounds 
r e i n t r o d u c e d  t o  the  s h a l e  o i l  f u e l .  ' The pe t ro l eum d e r i v e d  j e t  
f u e l  had a b r e a k p o i n t  t empera tu re  o& 275OC and had n e g l i g i b l e  TDR 
o r  f i l t e r  p r e s s u r e  d r o p  a t  26OOC. ' P r e s s u r e  d rop  of  >25mm deve l -  
oped af ter  which t h e  t e s t  con t inued  f o r  s t a n d a r d  2 .5  h r .  p e r i o d  
w i t h  t h e  h o t  f u e l  bypass ing  t h e  f i l t e r .  

e' S h a l e  O i l  J P - 5  
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G C  ANALYSIS WITH NITROGEN SPECIFIC DETECTOR 

Fig. 1. Gas Chromatogram of Shale-I basic nitrogen compounds 
using a lOOm OV-101 WCOT column. 

7 

Fig. 2. Total Ion Chromatogram of Shale-I basic nitrogen fraction. 
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